Roles of methionine oxidation in E200K prion protein misfolding: Implications for the mechanism of pathogenesis in E200K linked familial Creutzfeldt-Jakob disease.
Prion diseases are a group of neurodegenerative diseases caused by prion protein (PrP) conformational changes. More than 30 PRNP gene mutations have been associated with familial prion diseases. E200K-associated familial Creutzfeldt-Jakob disease (fCJD) is the most common inherited prion disease. One of the hallmarks of prion diseases is the accumulation of oxidative damage. The mechanism by which oxidative modification of methionine (Met) residues influence the E200K PrP misfolding remains unclear. Here, we examined the stability, structural change, oligomerization and proteinase K resistance of unoxidized/oxidized E200K PrP and Met-to-Leu mutants. We found that oxidation of surface-exposed Met109/112/129/134/154/166 residues significantly destabilized E200K PrP but had a limited impact on the protein's structure. The oxidation of Met213 was the initial step in the conformational conversion of E200K PrP and facilitated the further oxidation of Met205/206. The oxidation of Met213/205/206 led to the exposure of the inner hydrophobic core, disrupted the overall structure of E200K PrP and induced the formation of large soluble multimers at low pH. In addition, the aggregation behavior of oxidized E200K PrP at the cellular level was investigated using E200K PrP Met-to-Ser mutants. The results showed that M109/112/129/154S or M134/166S mutants were efficiently localized on the cell membrane, whereas the M213/205/206S mutant generated many of aggregated fluorescent dots in the cytoplasm. The present work provides important clues for understanding the special roles of methionine oxidation in E200K PrP misfolding and links oxidative stress and consequent misfolding of oxidative damaged E200K PrP with the pathogenic mechanism of E200K-associated fCJD.